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In order to deeply understand the internal thermodynamic process of a variable speed rotary compressor with large 
displacement, the P-V diagram was measured as an important way to analyze efficiencies of the compressor. A 
testing compressor was modified for measurement of the internal dynamic pressure and performance. The 
compressor was tested under different operating conditions, and the P-V diagram was finally obtained. Based on the 
test results, efficiencies of the compressor can be estimated accurately, which could be used to optimize the 




Nowadays, rapid increasing of refrigeration and air conditioning system in modern industries brings attention to the 
urgency of core technology development in this area. The compressor is the most important part that determines the 
overall performance of the refrigeration and air conditioning system. The rotary compressor is most widely uesd for 
several reasons: continuous and smooth operation, less power consumption as a result of high efficiency, fewer 
moving parts leading to greater reliability, more compact size. However, the growing demand of refrigerating 
capacity and the high efficiency makes the operating condition of the rotary compressor more severe. 
 
The analysis of thermodynamic processes within rotary compressors by means of P-V diagram is well established 
and frequently used as a tool in the design of compressors. In the past, many authors present different experimental 
investigations on P-V diagrams. But the research compressors were mainly fixed speed compressors. In this paper, a 
variable speed rotary compressor with large displacement was investigated. The P-V diagrams were obtained in 
detail by measuring the cylinder pressure with three piezoelectric pressure transducers which were mounted at 
suitable location in the cylinder. Based on the test data, performance parameters of the compressor, such as the 
indicated power consumption, the indicated efficiency and the mechanical efficiency, were calculated to evaluate the 
influence of structure and operating parameters on the working process and performance of the variable speed rotary 
compressor with large displacement. These results can be useful for optimum design of the compressor to improve 
the energy efficiency. 
 
2. EXPERIMENTAL APPARATUS 
 
2.1 Compressor 
An existing variable speed rotary compressor with large displacement was modified for measurement of the 
dynamic pressures in the compression and suction chambers, and the instantaneous angular position of the 
crankshaft. The experimental compressor is shown in Figure 1. The shell of the compressor was designed as 
detachable shell for the installation of sensors and easy replacement of different components. And the shell was 
bolted together with O-ring uesd to seal. The gear was connected with the crankshaft through a flat key on the upper 
side of the crankshaft. 
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Figure 1: Modified compressor 
 
2.2 Dynamic Pressure Measurement 
Since the compression and suction processes occur simultaneously in different chambers, two pressure transducers 
were required in the suction and compression chambers respectively to obtain P-V diagram. These two pressure 
transducers were mounted near the suction port and the discharge port respectively. A third pressure transducer was 
mounted between these two so that it may measure the pressure of either the suction or compression process. The 
pressure measured with the third transducer was used as a reference pressure to determine relative pressure level 
between the pressures measured with the other two transducers. An absolute pressure sensor was mounted near the 
suction port to find absolute pressure reference in suction chamber during the experiment. As shown in Figure 2, 
these three piezoelectric pressure transducers were arranged in three different places: A (θ=13°, compression and 
discharge pressure ), B (θ=193°, compression and suction pressure ), C ( θ=341°, suction pressure) to measure the 
dynamic pressures in the lower cylinder. 
 
 
Figure 2: Pressure transducers mounting position 
 






International Compressor Engineering Conference at Purdue, July 9-12, 2018 
Each pressure transducer was mounted in a special bushing which fitted into the cylinder as shown in Figure 3. The 
bushing was bolted to the shell. With the recessed mount, the influence of volume change could be controlled at a 
very low level. 
 
Figure 3: Recessing mounting 
 
2.3 Crankshaft Angular Position Measurement  
A measurement system composed of two gap sensors and a timing gear was utilized to provide accurate data 
concerning the angular position of the crankshaft in the presence of rotational speed fluctuation. The arrangement of 
the sensors and the gear is shown in Figure 4 and 5. The gear on the upper side of the crankshaft was used to obtain 
the instantaneous rotational speed and calculate the angular position. One of the two sensors was set horizontally as 
close to the gear as possible so as to recognize each tooth clearly. The other one was set behind the vane horizontally 
as to detect the time when the vane moved to the top dead center. Through the measured data, the instantaneous 
position of the crankshaft could be accurately estimate and the volumes of the suction and compression chambers 
could be calculated respectively. 
 
Figure 4: Gear and gap sensor 1# 
 
 
Figure 5: Gap sensor 2# behind the vane 
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3. RESULTS AND DISCUSSIONS 
 
Based on the experimental apparatus described above, the compressor was tested at the same gas pressures and 
different rotational speeds during the research. Table 1 shows the operating conditions. To ensure the accuracy of 
experimental results, test data was all collected after the compressor run steadily. 
 

















3.1 Original data 
In this paragraph, data measured at 2600 RPM is listed. Usually the rotation angle is considered zero when the vane 
moves to the top dead center. The signal of the gap sensor mounted behind the vane is shown in Figure 6. Output 
voltage changes periodically and reaches minimum value when the vane moves to the top dead center. According to 
the signal, the starting and ending time of crankshaft in a cycle can be easily and accuraely identified. Figure 7 
shows the dynamic pressure measured by the three piezoelectric pressure transducers. It can be observed that 
pressure measured by the transducer mounted at B in Figure 2 can be divided into two parts. It measures 
compression pressure in the first part and suction pressure in the second part. Compared with the other two 
transducers, relative pressure level between each transducer can be determined. 



























Figure 6: The signal of gap sensor 2# 
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Figure 7: Dynamic pressure measured by pressure transducers 
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3.2 Effficiencies from P-V diagrams 
The P-V diagrams obtained from experiments are shown in Figure 8. It can be observed that fluctuation of the 
pressures during the suction process and compression process becomes stronger and overcompression in the 
discharge process becomes more serious when the rotational speed increases. Figure 9 gives the results of different 
efficiencies calculated from the test data. The results show that mechanical efficiencies, isentropic efficiencies and 
indicated efficiencies at higher rotational speeds are less than at lower rotational speeds. Volumetric efficiency, with 
the increase of rotational speed, rises first and then goes down.  























Figure 8: P-V diagram 
 





















Figure 9: Efficiencies under different rotational speeds 
 
3.2 Pressure Fluctuation during Suction Process 
Pressure fluctuation during the suction process is shown in Figure 10. It can be observed that the actual pressure 
changes around the ideal suction pressure and the higher rotational speed makes the suction pressure fluctuate more. 
Volumetric efficiency, the ratio of actual refrigerant flow to theoretical refrigerant flow, is uesd to evaluate effective 
using rate of cylinder volume. According to Figure 10, the instantaneous suction pressures when crankshaft moves 
to the top dead center at five rotational speeds are different. Figure 11 shows volumetric efficiency is affected by the 
instantaneous suction pressure when crankshaft moves to the top dead center. The more pressure means more 
refrigerant enters into the cylinder and volumetric efficiency increases. 
 
 






International Compressor Engineering Conference at Purdue, July 9-12, 2018 






























 Ideal Suction Pressure
 
Figure 10: Pressure fluctuation during the suction process 
 















































A comprehensive experimental investigation is carried out to evaluate the operating characteristic of a variable 
speed rotary compressor with large displacement under various conditions. The P-V diagram is also recorded to 
analyze the effects of rotational speed on the compressor performance. The following conclusions are obtained from 
the results of the investigation:   
 The results show that mechanical efficiencies, isentropic efficiencies and indicated efficiencies at higher 
rotational speeds are less than at lower rotational speeds. Volumetric efficiency, with the increase of 
rotational speed, rises first and then goes. 
 The actual suction pressure keeps changing during the whole process and the higher rotational speed makes 
the suction pressure fluctuate more. Volumetric efficiency is affected by the instantaneous suction pressure 
when crankshaft moves to the top dead center. 
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